Introduction
Numerous studies have focused on transportation facilities as an important determinant of property values because they provide accessibility as well as nuisance effects that may alter property values (Vessali 1996; Bateman et al. 2001) . While a considerable body of hedonic literature has investigated residential property values, fewer studies have addressed nonresidential or commercial property values (Weinberger 2001; Ryan 2005) . Of these, even fewer have considered the impacts of multiple modes of transportation, such as rail and highway, and fewer still have attempted to disentangle the separate effects of transportation nodes and links in their models so that they can capture the distance decay of positive and negative impacts. Seo et al. (2014) built a hedonic price model with this comprehensive set of factors (i.e., distance decay around the nodes and links of highways and light rail transit) for residential property values in Phoenix, Arizona. This study extends that work to commercial properties.
The purpose of this study is to use the theoretical framework of Seo et al. (2014) to estimate the impacts of network nodes and links of both light rail and highways on commercial property values in Phoenix, AZ. The results of this study may offer guidance for locating commercial property to maximize accessibility and profit based on the distance from transportation infrastructure. This study may also inform policy makers on designing location value capture-based funding mechanisms for new public transport investments (Peterson 2009; Zhao et al. 2012 ). We employ a spatial hedonic regression approach, and subdivide commercial properties into office, industrial, and retail and service categories to test whether transportation facilities have dissimilar effects on the different types of commercial property. Hence, the specific research questions are:
 How do commercial property markets value the positive and negative effects of proximity to highway compared with proximity to light rail?  How do commercial property markets value amenities and disamenities of proximity to transport nodes compared with transport links?
 How do these positive and negative effects decay (or increase) with distance to transportation infrastructure?
 How do such effects vary by type of commercial property?
 How do the results for commercial property compare with Seo et al.'s (2014) results for residential property values in the same city and time period?
Literature Review
As noted earlier, the literature documenting transportation infrastructure impacts on residential property values is quite extensive. In contrast, a smaller body of literature exists on the determinants of commercial property values, and only a handful of studies focused on the transportation-related factors (Weinberger 2001; Ryan 2005; Billings 2011; Golub et al. 2012 ).
Many studies focused mainly on the impacts of access to the central business district (CBD), but some of these studies also included transportation-related factors as explanatory variables (Clapp 1980; Brennan et al. 1984; Sivitanidou 1995; Sivitanidou 1996; Dunse and Jones 1998) . Table 1 summarizes selected hedonic studies of commercial property values with regard to the transportation-related factors they considered:
 dependent variable (type of commercial property)  amenity (accessibility) and disamenity (noise, traffic, air pollution, crime) or both  distance decay of these effects  mode(s) of transport studied  whether distance effects are measured from the nodes or links of the network  time frame (single-or multi-year) Hedonic studies of commercial property use a variety of dependent variables, based at least partly on data availability (i.e., sales transaction data, actual transacted rents or effective rents, asking rents, and assessed property or land values). Although actual transacted sales prices are preferred (Ihlanfeldt and Martinez-Vazquez 1986) because they capture the real property market behaviors, commercial property sales prices or effective rents are hard to obtain because these data are often not open to public use (Mills 1992; Wheaton and Torto 1994; Landis and Loutzenheiser 1995; Bollinger et al. 1998) . The majority of studies utilized asking rents, which were usually provided by large commercial real-estate consulting or brokerage firms such as CoreLogic, Coldwell Banker, and TRI Commercial Real Estate Services for academic research (Mills 1992; Landis and Loutzenheiser 1995; Bollinger et al. 1998; Ryan 2005) . The use of asking rents is supported by Glascock et al. (1990) , who found an extremely close relationship between effective rents and asking rents. However, both actual transacted rents and asking rents from the databases of commercial real estate service firms may yield biased samples. For instance, some databases of commercial real estate firms are limited to a specific size of office spaces (Landis and Loutzenheiser 1995) . Moreover, sometimes the number of cases was too small for estimating a model (Dunse and Jones 1998; Nelson 1982) . Brennan et al. (1984) used actual transacted office rents as a dependent variable with only 29 cases. Several studies used multi-year data, adjusted for real-estate price inflation, as a way to increase the sample size (Billings 2001; Golub et al. 2012) .
As an alternative, several studies of commercial properties used assessed values as the dependent variable, which has the advantage of representing the entire population of properties, thus reducing sampling error (Champ et al. 2003) . Sivitanidou (1996) found significant spatial collinearity in the prices of transacted properties, which led her to report results based on a larger number of properties for which she had assessor valuations. A correlation of 0.98 between sales prices and assessed values provided evidence that in this case, assessed values were likely representative of market values. Transit-related hedonic research by Cervero and Duncan (2002) used estimated land values, which were apportioned from total taxable property values including improvements by the county assessor's office. They argued that there is no evidence that estimated land values are biased in a certain direction. However, despite these advantages, the use of assessed property value as the dependent variable is still problematic because the way some assessor offices estimate property values is similar to hedonic regression (Arizona Department of Revenue 2009), making circular reasoning a concern.
In addition, most studies have considered only one type of commercial property, such as office property (Landis and Loutzenheiser 1995; Dunse and Jones 1998) , industrial property (Sivitanidou and Sivitanides 1995) , or retail property (Damm et al, 1980) . In contrast, Ryan (2005) studied two types of commercial properties (i.e. office and industrial properties), while others have analyzed commercial property as a whole (Cervero and Duncan 2002; Golub et al, 2012) . Effects may differ across commercial property categories: in Ryan's 2005 study, while highway accessibility had a positive influence on office property values, neither highway nor light rail transit had a significant relationship with industrial property values. Thus, one should consider estimating impacts on both commercial property as a whole and each type of commercial property separately.
Most previous studies of the relationship between transportation infrastructure and commercial property value focused on testing hypotheses related to the positive effects of accessibility (Damm et al. 1980; Landis and Loutzenheiser 1995; Sivitanidou 1995; Bollinger et al. 1998; Ryan 2005) . Only one study took nuisance effects into consideration for commercial property (Golub et al. 2012) . If a study does not consider nuisance effects but considers only positive effects with respect to the transportation infrastructure located in the study area, it may cause omitted variable bias (Nelson 1982; Champ et al. 2003; Debrezion et al. 2007 ). While some may argue that nuisance effects have no influence on the commercial property values, any factor that may have an impact on property values should be tested (Damm et al. 1980 ). Accessibility of commercial properties to transportation nodes and/or links has been measured in several different ways in previous studies:
 Euclidean distance (Sivitanidou 1996; Ryan 2005; Golub et al. 2012)  a single Euclidean distance band as the impact zone (Bollinger et al. 1998; Cervero and Duncan 2002)  multi-band distance (Landis and Loutzenheiser 1995; Weinberger 2001)  mixed measurement methods such as Euclidean distance for highway exits and a singleband distance for the rail stations (Damm et al. 1980 ), a multi-band distance for light rail transit stations and a single-band distance for highway exits (Sivitanidou 1995)  number of passing highways within the study area (Weinberger 2001) How a researcher operationalizes distance as a proxy for transportation accessibility in a regression model is a critical decision. Ideally, the method should capture the impacts of accessibility on property values in terms of geographical extent with non-linearity. The method should also capture the net effects of accessibility and disamenities (De Vany 1976) . The multi-band approach is a way of capturing a non-linear relationship between price impacts and distance from a transportation network. In a study of residential values, Seo et al. (2014) captured the benefits of nodes of highways using 400-meter bands up to 3200 meters and for light rail using 300-meter bands up to 3000 meters. The benefit peaked in the 400-meter band from the highway exits and the 300-meter band from the light rail stations, which were the closest distance bands for both modes. In another study of residential values, Salon et al. (2014) captured the benefits of nodes of the bus rapid transit (BRT) and the Metro rail using multiple distance bands in Guangzhou, China. They found no disamenity effect for Metro stations, but substantial disamenity effect for properties closest to the BRT. In contrast, Cervero and Duncan (2002) showed that commercial land values within a half mile of a highway interchange are unexpectedly penalized by being too close to the highway access points. These results confirm the usefulness of a multiple bands approach for determining the potential non-linear decay of the net effects of transportation infrastructure on commercial property values.
As shown in Table 1 , only Golub et al. (2012) included proximity to network links as a disamenity variable in a hedonic model for commercial properties. To the best of our knowledge, there have been no studies that analyzed both nodes and links of both highways and rail transit for all types of commercial property values (i.e. office, industrial, retail and service properties), though some studies dealt simultaneously with nodes of both modes (Bollinger et al. 1998; Weinberger 2001; Billings 2001; Ryan 2005) .
The values of surrounding properties are known to influence property values, including for commercial property. This kind of external neighborhood effect is known as spatial dependence or spatial autocorrelation. These spatial effects can be present in both the dependent variable and the error term of a regression model. To incorporate external neighborhood effects, researchers are increasingly testing and adjusting for spatial dependence using alternative geostatistical approaches (e.g. spatial lag and/or error models) for residential hedonic models (Partridge et al. 2012) . Spatial approaches, however, do not seem to be common yet in commercial hedonic models. Bollinger et al. (1998) is the only commercial study we found that tested for spatial dependence, but they found no evidence of spatial effects using the Cliff-Ord test. Nevertheless, testing for spatial dependence is important, because hedonic modeling with spatial dependence in the dependent variable produces inconsistent estimates, while spatial dependence in the error term causes inefficient parameter estimates (LeSage and Pace 2009;
Anselin 1988).
Based on this review of the hedonic literature, we reach a number of conclusions about how to analyze the amenity and disamenity effects of transportation infrastructure on commercial property values. First, the ideal dependent variable is the actual transacted sale prices of commercial property. Second, in addition to analyzing commercial property as a whole, it is valuable to subdivide the sample into types of commercial property if the sample size in each category is large enough. Third, the study method should allow for the possibility of both accessibility and nuisance effects of transportation infrastructure. Fourth, the multiple bands approach is well suited to determine the geographical extent of impacts of transportation investments and network nodes. Fifth, both highways and rail transit should be included simultaneously if both modes exist in the study area. Sixth, multi-year data can be used to secure enough observations. Seventh, the presence or absence of spatial dependence should be tested explicitly.
Theoretical Framework
As a theoretical framework, this study incorporates the seven factors identified above by adopting the net effects model of Seo et al. (2014) for highways and light rail transit, which was expanded from De Vany's (1976) theoretical net effects model for airports. The theoretical model shown in Figure 1 is based on the following underlying hypotheses (Seo et al. 2014 ).
First, the positive impact of accessibility should accrue only to the nodes of a rail or freeway network and decay from there, because travelers can only access the network at the stations and highway entrances. Second, the negative impact of disamenities such as noise, crime, pollution, or traffic should have a more limited spatial impact that decays more steeply with distance from both the network nodes and links than the positive benefits of accessibility. Third, network nodes should therefore exhibit net effects resulting from the sum of the positive and negative impacts, while the effect of links should be only negative. Lastly, highway exits should generate a more gradual decay and extended range than rail stations because of the different travel speeds of their dominant modes of access (motorized vs. non-motorized). In Seo et al. (2014) , this theory was tested on residential property values in Phoenix, Arizona. For highway exits, benefits peaked at the closest distance (400m) from a highway exit, and decreased steadily from there, but the magnitude of impacts was small in general. For light rail stations, the coefficients were again positive for homes close to a station, peaked within 300m, and gradually decreased from there. Unexpectedly, the hypothesized "donut" effects around nodes were not evident in the results for either mode for residential property. The proximity to nodes of highways and light rail were highly statistically significant at the level of 0.001, while the proximity to links of highways and light rail were not significant even at the level of 0.1. This companion paper tests this model on commercial property.
Theoretically, we might expect some differences between the effects on residential and commercial property. First, nuisance effects on commercial property are hypothesized to be less negative compared with residential property because activities on commercial property may themselves cause a considerable amount of noise nuisance (e.g., mechanical noise from industrial property, customer-caused traffic and noise from retail and service properties). Second, commercial activities take place in the daytime when noise is more acceptable. Third, crowds near transportation nodes that may generate nuisances can be favorable to commercial property but not to residential property markets. Thus, we hypothesize that the peaks of the net benefit curves in Figure 1 for commercial property should be skewed more to the left and lack any discernable donut effect.
Commercial property can be subdivided into office, industrial, and retail/service categories, and the impacts of transportation infrastructure are likely to vary by type (Ryan 1995) . According to industrial location theory, transportation cost of inputs and outputs is one of the most important factors with labor cost and agglomeration economies (Weber 1929) . Thus, for industrial property, it may be more important to locate for minimizing transportation cost of shipping products and materials rather than to be near light rail stations 1 . On the other hand, office property generally does not ship much in the way of materials and/or products, but employees and customers benefit from light rail access for commuting and service. Hence, we hypothesize that office property will put a higher premium on locating near light rail stations and highway exits to minimize transportation costs of both customers and employees. Lastly, retail and service properties need easy access for their employees and customers to minimize labor cost and maximize profits. Thus, retail and service properties may be willing to pay more to be located near highway exits and light rail transit stations. In addition, retail and service properties may prefer to locate in or near a shopping mall for multi-purpose shopping agglomeration economies.
Methods
This paper extends the methodology developed by Seo et al. (2014) Spatial effects were tested with the Lagrange Multiplier (LM) statistic using spatial weight matrices (Anselin and Rey 2014) . To identify and select a suitable spatial regression model, we tested both contiguity (i.e. rook and queen contiguity using Thiessen polygons) and distance-based spatial weighting approaches (i.e. k-nearest neighbor or the Euclidean distance using property points data). These were compared using pseudo R² .000) confirmed the heteroscedasticity in the dataset. Thus the spatial error model with heteroscedasticity option was selected for this study. Equation (2) and (3) provide the general forms of spatial error model:
where is a vector of property sales prices; α is the constant term; is the n×1 vector of the coefficients of the explanatory variables; ε is the n×1 vector of spatially autoregressive errors;
is the coefficient on the spatially lagged error; Wε is the spatially lagged portion of the error;
and μ is an independent but heteroscedastically distributed error. Regression analyses were carried out separately for commercial property as a whole, office property, industrial property, and retail and service properties because impacts of the proximity of highways and LRT may differ by type of commercial market.
Study Area and Data

Study Area
We studied the City of Phoenix, Arizona because one of the study purposes is to compare the results for commercial property to Seo et al. (2014) Sky Harbor Airport is one of the most centrally located major airports in the United States, just a few miles east of the CBD and connected to the light rail by an elevated, automated rubber-tired people mover. Thus, many commercial properties are located along these arterials, highways, and light rail networks and especially near the CBD and airport. In terms of noise disamenities, commercial properties along the highways are not protected by sound walls, whereas all the residential properties are protected by sound walls or earth berms.
Data
Commercial property sales data were obtained from the Maricopa County Assessor's Office for use as the dependent variable for this study. This dataset contains sale prices and dates for commercial properties that were sold between 2009 and 2014, as well as structural characteristics such as parcel size, total interior area, a number of stories, building condition, and construction year. Initially, 8,159 commercial properties were extracted from the Assessor's 2015 data. We first removed 3,280 commercial properties that are used for residential purposes. We also removed some commercial properties that sold for less than $50,000, which we considered outliers. We also removed properties with insufficient information. Lastly, we found many cases of duplicated prices for groups of neighboring properties sold as a bundle with a single combined sale price. Rather than delete them from the study, we assigned a proportional sale price to each parcel based on limited property value (LPV) 2 for each member parcel provided by Assessor's office.
The remaining 3,337 observations were further divided into 1,150 office properties, 357 industrial properties, and 1,830 retail and service properties. Because this analysis focuses on the relationships between property values and their proximity to infrastructure, we would be concerned about sample bias if the spatial distribution of our transacted sample were clearly different from that of all commercial properties in Phoenix. Visual inspection of a map of these transacted properties reveals that their spatial distribution looks much like that of all commercial properties in the City of Phoenix, providing confidence that this sample is not spatially biased.
The tract-level median household income and population density were obtained from the 2010
U.S. Census Bureau to represent neighborhood characteristics. Locational characteristics such as
Euclidean distance to Sky Harbor Airport, shopping malls, and major arterials were measured using ArcGIS 10.2.2 software and readily available GIS datasets (see Table 2 for summary of variables). To develop the best model for testing the transportation amenity/disamenity hypotheses, many different distance measurements in terms of distance bands and maximum range were tested (Table 3 and Figure 3 for multiple distance band approach). The nearest distance function in GIS was used to create the variables representing distances to nodes and links. Specifically, the distance from the nearest node and link to each property was calculated, and this distance was then put into one distance "bin" variable in each category. Thus, although a property might be in the catchment area for multiple light rail stations or highway exits, our variables indicate distance to the closest station, rail, exit, and highway.
Distances from highway links were measured in three bands, out to 350m as the noise disamenity zone (Nelson 1982) . 3 The distance from a highway exit to each commercial property was measured in three 300m bands, out to 900m. The distance from LRT stations to individual commercial properties was measured in four 300m bands, out to 1200m, and distances from the light rail track were measured in 100m bands, out to 300m. Additionally, farther out distance bands were tested, but dropped due to high correlation with other factors. 200-300m from light rail track 1.5 Table 4 shows the coefficients, significance levels, Pseudo R², and Lambda ( ) for the spatial error models for all commercial properties and for three commercial property submarkets (see Appendix Tables 5 to 8 for property value in the full model. Thus, although the price impact of a light rail station itself is positive, the net effect of light rail on the value of commercial property located close to a station must also include the negative effect of proximity to the light rail link (Figure 4 ). For instance, for a property within the 300m band of a light rail station (with prices 1.8 times that of similar properties located farther than 1200m from a station) and also within the 100m band of a light rail link (0.7 times that of similar properties located more than 300m from a light rail link), the net sales price effect is estimated to be 1.3 times that of similar properties in the area beyond all light rail bands. However, contrary to our hypothesis, the geographical range of the impact of highway exits is less extended than that of light rail stations. Surprisingly, the benefits of being close to a light rail station are much larger than those of being close to a highway exit.
Results
All Commercial Property
Figure 4 Estimated net price impacts near light rail stations
One possible explanation for this could be that the high speed of motorized vehicles used for highway access overcomes the physical distance barrier over quite a long range (e.g., 2-3 miles, which covers the vast majority of the properties in this dataset). This makes the road accessibility of most of our study area fairly similar, which in turn lessens the impact except for areas very close to highway exits (i.e., within 600m). In contrast, access to light rail stations is mostly by non-motorized modes (walk and bike), meaning that distance really matters for those who live near light rail stations for commuting, shopping, and other activities. Thus the price premium of being close to a light rail station accrues right at the station and declines steeply from there. Surprisingly, the geographical extent of the effect of light rail stations reaches much farther and the magnitude of the relationship is much larger than we expected.
Compared with the results of Seo et al.'s (2014) residential model, the coefficients of accessibility of commercial property to highway exits are much less extended geographically.
Impacts of accessibility to light rail stations are also less extended for commercial than for residential property (see Figures 5 and 6) . The commercial results, however, are similar to the residential results in that no disamenity "donut" effect is evident immediately surrounding the rail and highway nodes.
The disamenity impacts of light rail links are highly significant and negatively associated with the sale price as hypothesized (Figure 7 ). The strength of this association may be explained by the physical location of Phoenix's light rail. Even though light rail emits no air pollution and only a small amount of noise, light rail track significantly hinders employees and customers from accessing their destinations by car because the track lies in the middle of a major arterial road.
Distance from highway links is not associated significantly with the sale price of commercial properties, suggesting that commercial real estate is not especially sensitive to nuisances such as noise.
Industrial Property
As with the model for all commercial property, structural variables such as interior and lot square footage, and age of property are all significant at the 0.001 level, though the relationship between industrial property price and number of stories is not statistically significant (see Table 4 ).
Turning to our variables of interest-proximity to transportation infrastructure-industrial property prices are negatively associated with proximity to both highway and light rail links, but largely unrelated to proximity to nodes.
Office Property
Coefficients of all structural variables in the office property model are highly statistically significant and the signs are as expected. For the neighborhood variables, both median income and population density have positive and statistically significant relationships with value. For the locational variables, proximity to the airport, shopping malls, and arterial roads are highly significant and positively associated with price. Turning to the transportation infrastructure variables, being closer to light rail stations is positively associated with the price, but proximity to highway exits is unrelated. Proximity to light rail links is negative and statistically significant at 100m and 300m bands, while proximity to highway links has a weak positive association with price. This finding runs counter to our hypothesis.
Retail and Service Properties
Relationships between retail and service property prices and all control variables are again statistically significant and signs are as expected. Proximity to highway exits is positively associated with price for the 300m-600m distance band, but the relationship is much weaker for the other distance bands. Proximity to light rail stations is strongly positively associated with retail and service property prices. Proximity to highway and light rail links is unrelated to property prices, with the exception of a negative association for locations between 200m and 300m from a light rail line.
Conclusions
The purpose of this paper was to identify the net effects of the nodes and links of highway and light rail transit on commercial property values. To do this, hedonic price models were built upon the foundation of De Vany's (1976) work and extended from Seo et al.'s (2014) work. The models were devised to unify a number of disparate previous findings in the hedonic literature into a single model for the commercial property market incorporating highway and light rail, nodes and links, amenities and disamenities, and distance decay for all these effects. In addition, we tested how the nodes and links of the networks differentially impact distinct commercial submarkets, and compared the results between residential and commercial hedonic models.
We hypothesized that positive impacts of accessibility accrue to the highway exits and light rail stations, while nuisance effects of noise and air pollution should emanate from the highways and light rail nodes and links. We further hypothesized that the nuisance effects would be smaller for commercial property than for residential property. Using the multiple distance bands approach, the estimated results of the spatial error regression model confirmed that distance from the nodes and links was a significant determinant of commercial property values.
Plotted coefficients showed the distance decay of the amenity effect, which has a typical exponential decay curve for both highway and light rail nodes. Unexpectedly, the impacts of light rail stations on commercial property values in Phoenix are both larger and exhibit greater geographic reach than those of highway exits. For office properties, proximity to the light rail stations has a positive association with value, proximity to light rail links has a negative relationship with value, while proximity to the highway links has a positive but statistically weak relationship, contrary to expectations. For the retail and service properties, proximity to both light rail stations and highway exits has a positive association with value, while proximity to links has little relationship with value. While results for industrial properties were weaker than those for other commercial property types, they still confirmed that both highway and light rail links have significant and negative relationships with price. Overall, it is clear that both the magnitude and extent of the effects of distance vary based on the types of both infrastructure and of commercial property.
Comparing these commercial results with Seo et al.'s (2014) residential hedonic model, our hypothesis was confirmed that the accessibility benefits reach farther for residential property than for commercial property. Theoretically, the results of the spatial hedonic model support a bid rent theory for commercial firms that would differ in gradient and extent from the results of the residential model (Alonso 1964) . Empirically, our model has tested the bid rent theory for commercial property markets' responses to real-world transportation facilities, which changes the relative location of utility maximization by improving accessibility. Together with Seo et al's (2014) residential model, this study may help unify a number of disparate previous findings in the hedonic price literature into a single, general idealized schematic model incorporating road and rail, nodes and links, amenities and disamenities, and the distance decay functions for all of these effects.
The results of this study may be useful to commercial property buyers to identify the location where the net benefit of accessibility to transportation infrastructure is maximized.
Commercial property construction companies may be able to decide where to build developments for maximizing profit and sales by predicting where markets will most reward location. City authorities may also use these results as a basis for location value capture-based funding for transportation projects, which depend on knowing the size and extent of benefits to nearby property.
While these results provide a first look at the value of proximity to infrastructure for commercial properties in Phoenix, these values likely vary across space as well as between property types. A productive avenue for future research, therefore, might be the application of techniques such as geographically weighted regression to these data, which allow for estimation of value effects that vary across space. 
PLUS QUARTERLY TIME DUMMIES TO CONTROL FOR REAL ESTATE MARKET FLUCTUATIONS
Lambda ( ) n/a n/a n/a 0.420 0.025 0.000 n/a Adjusted R 2 / Pseudo R² 0.91 0.91 
Lambda ( ) n/a n/a n/a 0.427 0.068 0.000 n/a Adjusted R 2 / Pseudo R² 0.94 0.95 
Lambda ( ) n/a n/a n/a 0.548 0.044 0.000 n/a Adjusted R 2 / Pseudo R² 0.90 0.91 
